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PREFACE 



Quality control of automatic, mechanized production 
lines is based upon automatic testing techniques. This 
paper outlines the testing requirements for such a pro- 
duction line and proposes methods for accomplishing these 
requirements. The ideas and methods promtilgated were 
conceived during the industrial tour of duty assigned as 
an integral part of the Engineering Electronics Curricxilum 
of the U, S« Naval Postgraduate School, 

Acknowledgment and appreciation is hereby extended to 
Stanford Research Institute, Stanford, California, where 
the industrial duty was performed, for their suggestions 
and the opportunity to develop the theories contained 
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I. INTRODUCTION 



It has been said that the enormous production capability of 
United States industry was a major factor in the allied victory in 
World War II, There seems to be considerable evidence to support 
this statement. Not only did industry supply large amounts of 
ordnance and equipment with relatively short notice, but also it 
proved to be readily adaptable to the production of new types of 
weapons and military supplies in sufficient quantities to allow 
the allied forces to carry the war to the eneiny with the utmost 
strength. 

Probably mass production techniques, developed over a period 
of mary years for peacetime applications, attain the highest degree 
of importance among the many factors contributing to this production 
capability. Certainly the sound engineering priiiciples which under- 
lie these techniques are indispensable to the industrial effort of 
many manufacturing concerns striving cooperatively toward the 
common goal of optimum production. 

There is doubt, ho^rever, that the production effort and tech- 
niques used during World War II, as heroic as they were, would be 
sufficient to meet the needs of a third and even more highly tech- 
nical full-scale war. The increase in quantities required and the 
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addition of many new types of expendable electronic equipment, 
for example, would impose a severe tax on the industrial 
facilities known during the period from 1939 through 19ii5. 

Those engineering principles, therefore, are being applied 
in a large effort being directed to the development of nevr 
means and techniques of mass production viiich vail enable Amer- 
ican industry to meet these heavier demands, 

A resulting trend of this developnent has been toward more 
automatic production than has been e videnced in the past, VIhile 
the morale of the working man, and thus his production rate and 
efficiency, was exceedingly high dviring World War II and con- 
tributed greatly to the overall production pictxire, it is still 
felt that elimination of the human link in a prodviction chain 
will allow a considerable increase in the output of such a chain, 
not only in quantity per se, but qvxantity in the sense of fewer 
items rejected due to inferior quality, *^his theory then justi- 
fies this trend and the amount of effort being dedicated to the 
development of automatic, mechanized production lines which will 
fabricate end products from raw materials, will be self-control- 
ing and self -supplying of components, and will include means for 
applying periodic tests to the product being fabricated to in- 
sure tiniform high quality in the finished items. This endeavor 
has already resvilted in a considerable amount of mechanization 
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of indixstries. While overall asserobly lines are still found 
wanting in complete automaticity, many components and individual - 
processes are being handled automatically in the course of pro- 
duction. 

Quality control by automatic testing at significant points 
in a production line is somewhat lagging the basic processes as l-' 
far as development is concerned, but it is receiving an increas- 
ing amount of attention at the present time. Several electronic 
component manufacturers, such as International Resistor Co, and 
Centralab, are using semi-automatic methods for testing their 
products before crating and shipping. These methods visually 
entail hand-feeding the component to the machine, wiiich then 
tests the component and routes it to various receivers on the 
basis of the tolerance values determined by the test. Versatility 
features, hovxever, again are referred to the human being. If a 
different value component is to be tested, the machine is changed 
manually to_ accommodate the new value. This still allows increas- 
ed production and indicates the possibilities of completely auto- 
matic testing. 

An automatic assembly line for the fabrication of miniatur- 
ized electronic equipment is under development at Stanford Re- 
search Institute, Stanford, California, under sponsorship of the 
United States Air Force, In essence, it will receive materials 
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and commercially available electronic components and assemble 
them into a single piece of equipment by a continuous process 
from beginning to end, without human assistance, other than pre- 
Ijjninary supply fimctions. The intent of this paper is to pro- 
pose the logical electrical tests to be performed on the assembly 
during its fabrication and to indicate various methods by which 
these tests can be accomplished. 
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II. TESTING REQUIREMENTS FOR AUTOMATIC ASSEMBLY LINE 



In a truly automatic, mechanized assembly line for electron- 
ic equipment, it is desired that all functions, except initial 
loading of component materials, be completely automatic and the 
process be one of continuous flow from the insertion of these 
materials to the removal of the final product, wrapped and 
crated for shipping. As an added requirement, it follows natur- 
ally that this assembly line must be capable of a high produc- 
tion rate in order to make economically feasible its adoption 
in preference to present hand production methods. 

These stipulations pose several interesting problems, J[ot_ 
only must assembling and processing machines capable of perform- 
ing the various functions at reasonably high rates of speed be 
designed, but also_proYisions. for- automatic control of these 
machines be made. There must be some assurance that the product 
being assembled is correct in performance before it ever leaves 
the line. As a quality control measure, then, provisions must 
be made for automatic electrical testing of the assembly before 
it leaves the line. Further, economy considerations require 
that faults in the processing be detected at various stages 
during assembly in order to prevent waste of components oi* 
further processing on a chassis which might be defective at some 
earlier stage. 
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There are several general, basic requirements common to 
testers for any of these stages of assembly. These are: 

V 1) Versatility — It is contemplated that the assembly line 
shall be capable of producing different types of eq\iip»iiont by a 
change of tooling and components, Simlarly, the, testing equip- 
ment must be adaptable to the various possible circuits and phys- 
ical configurations which might be fabricated by the production 
line. This implies a programming feature for each tester which 
would allow the change vrtiile other tooling is being substituted, 

2) Positive Judgment — Testing equipment must allovr an 
assembly to pass, on a to leran ce basis, or it must cause it to 
be rejected, if the assembly does not meet the required specifi- 
c^t^ns, 

3) Reliability — Rejects due to test equipment errors must 
not te .tolerated, 

U) Recording — For statistical qxxality control, a continuous 
recording of fault indication must be made to allow process error 
evaluation, 

5) Process Control — Means should be incorporated into the 
testing equipment for sounding an alarm, or possibly even shutting 
down the production line, in the event of excessive reject rates 
from one particular stage of fabrication. 
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6) i^rror ludication — 

i’cr ■ h- A at ’uip’. fe.r^ to I 'i.’k oho rcjocted pi ;ce with a code 
nounber to locate th fai^Lt for slnplo and rapid reclanation of 
the piece. 

Specific testing reqxiireraents can be deterinined after it 
has been decided what processes shall be included in the produc- 
tion line and in what order they shall appear, A block diagram 
of the Stanford Research Institute production line under develop- 
ment appears in Figure 1, While other interests have undertaken 
similar projects, with somewhat different techniques, it is felt 
that this particular assembly line will serve as an example for 
the determination of testing needs. Referring to Figure 1, it 
appears that the following constitute a logical and complete 
testing system: 

1) A tester inserted after the etching equipment to test 
the printed conductor pattern for the efficacy of the etching 
process; 

2) A tester inserted before the R-C component feed system 
to check components; 

3) A tester inserted before the protective coating applicator 
to check the existing circuit; and 

li) A tester inserted before the packaging machine to test 
the performance of the completed assembly. 



( 7 ) 



Justification foi* the auovc selections resuius from the 



following considerations : 

1) Etching processes in production quantities, as separate 
from laboratory conditions, can and do pose serious probleirs, 

\'/hile some processes give excellent results in the laboratory, 
product ion- line equipment falls short of these results. The photo- 
etclriing process, for example, is one of the better methods for 
producing high-resolution, finely detailed printed circuits. North 
American Aviation, Inc,, however, has had as high as forty per cent 
rejects from a given rxin through their equipment, resxilting from 
factors- which are difficult to control in production-line eqiiipnent, 
such as dust and^ vibration. The method contemplated by Stanford 
Research Institute vras developed at and patented by the Institute, 
and still falls short of the ideal system. In brief, the printed 
conductor pattern is produced by spraying a mixture of wax etch 
resist and a non-corrosive solder flux through a steel stencil onto 
the laminated base plate. This steel stencil is held tightly to 
the base plate by means of a large electromagnet, 'viiose field is 
directed through the plate. The plate is then subjected to a spray 
of nitric acid, which removes all the \indesired copper. Figure 2 
shows the conductor pattern after it comes from the etching bath, 

.^.Examination of this drawing viill show that sane parts of the stencil 

I 

I 

, arc held together only by very thin strips of the metal of the sten- 

! cil itself. This alone, by virtue of resist mixture leaking vinder 
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the stencil, can give rise to tvjo faults — either a shortening 
of the distancc-.betvjeen two conductors at their close spots, 
with its resultant tendency t o arc ov^, or absolute short-circuit- 
ing of the two conductors. Inaccuracies in the previous laminating 
process result in bubbles, or even breaks in the copper, which 
interrupt the continuity along one line. Thus, there seems sxiffi- 
cient justification for a tester at this point to check continxiity, 
Jsridging and clearance, 

2) Other than noted in Chapter I, components normally commercially 
available are unchecked for tolerance compliance other than by normal 
quality control methods by the manufacturers. Since there are circuits 
whose performances are svifficiently critical to be non-operative with 

a single defective component, this test of component values is justi- 
fied. 

3) Due to the number of operations performed on the circuit up 
to the application of protective coating, including much physical 
machine handling and also the heat of the dip soldering equipment, 
and to the difficulty in reclaiming a piece after the coating has 
been applied, it is advisable to perfom some sort of a circuit test 
at this point to insure that no damage to the piece has occurred. 

U) The ultimate measure of the acceptability of the finished 
product is, of course, its performance. Purchasers of a product 
are unlikely to be satisfied with it, no matter how it was assemhied. 
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if it doesn't perform its designated function correctly. There- 
fore each assembly should be checked before leaving the produc- 
tion line, 

\Vhile thtf results of the above discussion appear obvious, 
and such tests are performed in existing production lines on a 
sampling basis, it must be borne in mind that all these functions 
must be performed automatically, on every assembly, and, at the 
same time, at a rate commensvirate with the rest of the process, 
so that the testers will neither hold up the line behind, nor 
jam up the line ahead. Keans for accomplishing these tests 
automatically will be discussed in Chapter III. 



( 10 ) 



V- -v. 



( 







JII, AUTOMATIC TESTING IGCTHODS 



In the preceding chapter, the basic electrical testing re- 
q\iirements for an automatic production line were discussed. The _ 
stages of production for insertion of the testers were selected 
and the fvinctions of the testers at each spot were enuuieratedo 
This chapter will describe the methods for accomplishing the pro- 
posed tests. 

In general, automatic testing proposes no new basic principles 
of testing. It does, however, present problems v;hich, while in 
some cases have been solved in other applications, are peculiar 
to this particular field. -nnginfifiT'-ing plays an important 

role in the automatizing of any process, specifically in the func- 
tions of feeding, connecting, and removing of the work piece to, 
in, and from each of the various stages. Thj^ig true also in 
automatic testing. Problems arise in electrical engineering, 
however, such as commutation, or switching, of the various circuits 
to be tested by one machine, reject, recording and alarm circuits, 
and types of comparison or absolute -value testing circuits. Some 
of these problems have been solved, and their solutions can be 
fovind in the literature, part of vjhich is listed in the bibliog- 
raphy appended to the paper, but there are others which are v/ortliy 
of further consideration, Th: i.roCTari of pres entation in this 
chapter wij.1 be to propose one or more jinet hods of mept-irg pae b nf 
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the requirements of the system, vfitn pertinent comparisons made. 
Where specific application is necessary, the test vehicle used 
for development purposes by the Stanford Research Institute vd.ll 
be used to such ends. This test vehicle is the error signal 
amplifier and automatic gain control section of a current gun- 
directing radar. 

1, Tester #1 - Etched conductor pattern. 

As stated above, this tester vdll check continuity, line 
bridging and line clearance. If a favilt occvirs, the tester vjill 
reject the piece, record the fault information and possibly stamp 
the piece with this same fault infonnation for purposes of reclama- 
tion, If a number, say "N", successive assemblies are rejected, 
the tester v/ill cause an alarm circuit to be actuated. Figures 3 
and k are block diagrams indicating the functions of the tester. 
Figure 3 shows the physical, or mechanical layout of the tester, 
while Figure U indicates the electrical elements and their inter- 
relation. 

a. Basic Electrical Theory for Tests. 

Figure $ shows the basic theoretical circuits for the various 
tests to be performed. Fover supply is shown as a battery for 
simplicity's sake only — the detailed design of the power supply 
depends on the requirements of the actuating relays used in the 
system. 
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(1) Continuity, 

'■^he continuity checking circuit is attached in such 
a manner that its associated relay operates unless its coil is 
relieved of its current by a short circuit across its terminals. 

This short circuit is accomplished during testing by the continuity 
of the etched conductors. Since there_is a multiplicity of con- 
ductors, there arises a problem during the svritching from one con- 
ductor to the next. Unless some method is devised for maintaining 
this short circuit, the relay vdll operate, giving false information. 
If a mechanical commutator is used for the svdtching, this can be 
accomplished by: (a) providing shorting segments on the commutator 
which will be spaced in from the normal segments, between and over- 
lapping them slightly, (b) providing an interrupted power supply, 
such as a square-wave generator, or cam-operated switch synchronized 
with the commutator, or (c) attaching the relay leads to each seg- 
ment, thus applying voltage only during such times as the conductors 
are connected for test. Of the above three possibilities, the 
second is probably the best method to use. The first method calls 
for a more complex and expensive commutator, with higher brush 
maintenance and more weight. The third would result in a maze of 
wires to occupy a space already taken up by leads to the probe 
assembly, as \ri.ll be seen later in considerations of mechanical 
commutators. In the second method, a square-wave generator vould 
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require more complex circuitry, and both interruption methods 
would require careful synchronization. However, these problems 
are minor in comparison to those noted for the other methods, 

(2) Bridging and Line Clearance, 

These tests are identical, except for the raagnitude 
of the applied voltage, so they can be explained in the same manner. 
The circuits are designed so that the associated relays operate 
only if there is a short circuit occurring at the probes, which 
would be the case if there were bridging or arc-over in the circuits. 
No intersegment difficulties are encountered in these tests, since 
the short circuit in this case is a faxilt to be detected. 

It is contemplated that the reject circuit would be 
a preparatory circuit, that actual rejecting of the piece would not 
occxxr until the entire testing has been completed, 

A problem which merits attention is the possibility 
of such a line configuration viiich would allow bridging between one 
portion of a conductor and another portion of the same conductor. 

With the circuits as they are, there is no way of detecting this 
type of fault. Probably the only way of detecting it is visually. 

It is felt, however, that this particular type of configuration 
would not occur often, nor would it affect the performance of the 
circuit, so no particular precautions are necessary. Other 
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combinations of faults may occur, but at least one of the three 
tests would be able to detect the error, 

b, ElectriCoQ. tester to pattern contact. 

With the basic theory as stated, there is the question of 
making electrical contact betvjeen the test circuit and the conductor 
pattern. This can be accomplished through a set of probes, against 
which the pattern is forced when the base plate enters the testing 
machine. Since the machine designs indicate that a single size base 
plate will be used for all the different assemblies which the pro- 
duction line may be called upon to fabricate, the problem of versa- 
tility is then one of locating these probes to make contact with 
the terminations of the conductors. This can be done in two general 
ways, either a grid-type arrangement, or a rigid template, 

(1) Universal Grid 
(a) Fixed Probe, 

The head which contains the probes could be made up 
of a plate of insulating material, marked off into squares, with a 
probe located in each square. Thus, when the head is pushed to- 
gether with the conductor pattern, certain of the probes would be 
located on the terminal points of the conductors. These probes would 
then be connected to the commutatiiig system and thence to the test 
circiiits. Such a scheme coixLd possibly be programried by push-button 
type machines, but vjould involve compl-x and expensive equiiimcnt. 
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i anual connection of the probes to the distribution systen would 
be indicated instead, 

(b) Perforated Grid, Movable Probe. 

A modification of the above scheme is to have the 
grad, but with probes which can be removed when they a re not in 
use. This may be better in the case of high voltage testing. 

Either method is versatile, but both require that the conductor 
pattern be designed in conformance xd.th the grid in order to in- 
sure the meeting of all terminations with one probe* 

(2) Template Arrangement* 

Another method for overcoming the obstacle mentioned 
above is one in which a template is prepared for each pattern to 
be tested. Such a template could be formed using the resist- 
applying stencil as a pattern with a casting material as a form- 
ing medium. This would be rigid and insulating and would allow 
exact placement of the probes* This system sacrifices versatility, 
since the template can be used for that particular pattern alone* 
Its solution to the lay-out problem, however, probably makes it 
the better scheme to use* 

c* Channel multiplicity considerations. 

With electrical contact to the individual conductors 
assured, some attention must novr be given to the means for complet- 
ing the test circuit with all the conductors on the base plate* 
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Let the word ’’channel" denote the intcr-cOiinectlon of two p.'oLcs 
and the intermediate means for attacning the testing circuit* In 
that sense, then, the system waose concictor pattern is shovm 
in Figure 2 represents the follovrijig requirements: 

i.o, of lines I;o, of terminals 



t3 Two-terminal 
21 Three-terminal 
1 Four-terminal 
1 Five-terminal 



C6 

63 

U 

5 



Totals 66 lines 158 terminals 

In order to provide a complete check of continuity on the above, 
a total of 92 channels is required. This arises from the fact 
that each n-terminal line requires n-1 cha.nnels. There are approx- 
imately 35 possibilities for bridging or line clearance errors. 

There are essentially two methods for including all these 
channels in the testing — to accomplish the testing of them simxil- 
taneously, or, with appropriate switching, to do them consecutively 
until all have been tested, 

(1) Simultaneous testing. 

In order to perform one of the tests on all the con- 
ductors simultaneously, it is necessary to have a single power 
supply and the associated control-circuit relays for each channel, 
with a master switch to turn on the system and to switch from one 
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test to tht n,xt vintil all three tests ave boon applied to the 
conductor pattern. This appears to be the most simple means of 
testing the pattern, vrith no complex sicLtching arrangements and 
with little or no difficulty in meeting stringent time require- 
ments. However, it does require a large number of relays and pov/er 
supplies, and the resulting size of such a system night make it 
prohibitive in its final form. The initial adjustment and con- 
tinuing maintenance of the system also contribute to the undesir- 
ability of the system, 

(2) Consecutive testing, 

VJhile more complex in nature, a system for testing 
each conductor consecutively might prove to be simpler in form than 
one for simviltaneous testing. In general, such a system v»uld in- 
corporate a single testing circuit for each of the three tests and 
a mechanism for switching from one conductor to the next until all 
are tested. Let us, then, look into the requirements of such a 
system, 

(a) Time considerations. 

The plans for the overall production line call for 
a production rate of ten per minute, or one every six seconds. Since 
the tester must neither retard nor jam the entire process, it should 
be designed with time considerations compatible with the rest of the 
assembly line. Allowing sufficient time for the feed and removal 
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of the base plate from the tester, say on the order of three 
seconds for both actions, there remain three seconds for per- 
forming the testing. On the basis of 100 channels, then, the 
commutator must complete an entire cycle in three seconds, or 
twenty cycles per minute. This allows an absolute maximum time 
of three hundredths of a second for completion of the continuity 
checking of one conductor. Somewhat less time is allowed for each 
conductor if mechanical commutation, or stepping relay switching 
is used, due to the inoperative interval required between each 
channel, 

(b) Commutation Systems. 

Preliminary studies indicate that any one of 
three types of commutation may be used — mechanical, electro- 
mechanical, or pure electronic. Any of these systems might be 
adapted to fit the needs of the tester. It is feasible that all 
three tests may be performed simultaneously, the limiting require- 
ment being that complete isolation among the tests be maintained, 
(i) Mechanical System. 

Rotating commutators have been used in numerous 
applications for many years. They are generally long-life, low- 
maintenance systems, but have limitations as to maximm number of 
channels, speed and ready changeability. In this application, it 
would be necessary to have two contacts for each channel in order 
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to meet isolation requirements ■which result from the simultaneous 
testing. The physical form suggested for the testing application 
is as follows: Install channel segment pairs symmetrically around 

a circular ring stator, there being one stator for each testing 
function, and apply the testing signals through brushes located 
toward the outer end of an arm which rotates on a shaft common 
to the axes of the three stators. See Figures 6 and 7o This 
scheme simplifies the channel isolation problem and precludes the 
necessity for any other synchronization among the testing functions, 
A problem exists, hovjever, in the high voltage testing due to strin- 
gent insulation reqxiireraents in the commutator itself. This cou3a 
be solved by adding relays to the system. See (ii) below. The 
mechanical system has another advantage in that other parts of the 
system, such as the fault indication mechanism and the quality 
control recording mechanism, can be geared directly to the rotor 
of the commutator, thus exactly synchronizing the detecting and 
recording functions. This vri.ll be discussed later in connection 
with fault indication, 

(ii) Electromechanical Sviitches, 

A system could be devised whereby commutation 
of the channels vrould be accomplished by stepping relay svjitching 
such as used in telephone systems. This would require synchroniz- 
ing, or "lock-out” switches to accomplish circuit isolation, A 
combination of this with (i) above can be formed by using the 
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rotatint^ n'chint-ry as a caiiis.'Jift, -with cam operated relays. This 
might be especially advantageous for high voltage testing. It 
vjould also incorporate the inherent synchronization features of the 
mechanical type* The main difficulties arising with the use of 
relays stem from the time requirements for the testing. Cost of 
relays which will operate this rapidly and maintain their speed 
after many operations might prove to be prohibitive* 

(iii) Electronic Meains. 

Ring counters and other multivibrator circuits 
have been developed for various switching and triggering applica- 
tions and could be adapted for this purpose. It is felt, however, 
that these would be quite complex circuits for such a large number 
of switching operations, which, coupledwith the general unreliability 
of systems using vacuum tubes in on-off operation, would be unfavor- 
able in comparison to the other systems* 

In order to overcome this reliability problem, 
a diode -resistance matrix such as shown in Figure 8, employing ger- 
manitim diodes, could be used* The main disadvantage of this circuit 
would be the almost prohibitive nximber of diodes required to accom- 
plish switching of the large munber of test circuits, 
d» Fault Indication and Recording, 

It has been proposed, for the purpose of reclaiming a re- 
jected piece, that provisions be made for stamping a nark on the 
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! cise plate v;hich .rill identify the conductor or concactor pair 
which has caused the reject, Ihic may not te corapletely desir- 
able from an econondc standpoint, but methods for achieving it 
vrill be described. Extension of the same methods can be used 
for continuous recording for statistical purposes. 

There are tvro general metnods of approach to this problem. 
The first is to consider a mechanism which ulll stamp each reject 
identification as it occurs during the testing. The second is 
to consider a data storage aevice which -vroulu store the informa- 
tion until after the testing has been completed and the piece 
rejected into a stamping chamber, 

( 1 ) Stamping during testing. 

The slow operating speed of presently available geared 
indexing mechanisms prevents their use for this purpose. It appears 
necessary and feasible, then, to employ a coding system to identify 
each conductor which is faulty. A seven-digit binary code will 
allow 126 different code combinations, 96 of viiich are shorm in 
Table I, This particular number v;as chosen, since it meets the 
needs of the system, and allows the maximum possible symmetry of 
coding. It is contemplated that a repairman would have a master 
code for comparison and identification purposes. 

The mechanical means for stamping the base plate 
present another problem, IHie to lack of available si>a.ce on the 
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face of the base plate, it vrould be advisable to stamp the reverse 
side. Also, the base plate is of a relatively hard material, A 
stamp sufficiently forceful to indent the base material could 
possibly fracture the material. Therefore, an inking or carbon 
ribbon system is suggested. The synchronization of the stamp in 
accordance vdth the particular commutation segments providing the 
testing signals can be accomplished by a Ccun system geared to the 
commutator. The cams could then operate plungers directly and 
continuously with the reject signal causing the entire housing to 
move against the base plate. Or, the cams could prepare solenoid 
plimgcrs which would actuate only on closure of the staraping cir- 
cuit by a relay vrhich receives the reject signal. The mechanisra 
should then be translated a short distance in order to prevent 
superposition of two stamps. Limitations on this system occur 
due to the necessary time for solenoids and relays to act. They 
must be sufficiently rapid to actuate during the segment travel 
time allowed, or on the order of tvro one -hundredths of a second. 
There is also the unfavorability of the repair technician having to 
decode the indication. Figure 9 shows the length of make and rela- 
tive phasing of the cams for 96 channels, 

(2) Data Storage System. 

In order to overcome the difficvilties mentioned above, 
the fa\ilt identifications could be stored in a device until the 
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testing is completed and the piece rejected into the stamping 
mechanism on its way to the reject bin. Then the stamping mechan- 
ism wo\xld receive the marking signals from the storage device at 
a rate which would allow use of number indexing mechanisms « An 
arbitrary limit would be placed on the nvimber of faults stamped, 
on the basis that any number over this limit vrould make the piece 
completely irreclaimable , 

The storage device coxild be a punch-card, one for each 
base plate. The punching would be on a coded basis, using the 
coding principle of the preceding section. After the reject has 
occurred, the card would be passed to the stamping mechanism for 
decoding of the card and stamping of the piece, and thence to a 
file for permanent record. This would eliminate the need for another 
separate recording device. In the case of simultaneous testing, 
either of the above methods could be used, with slight changes. For 
stamping while testing, each circuit vrould contain its own coding 
device for stamping, instead of the synchronized cam arrangement. 

The same would be true of a storage system. The provisions for 
this coding also add to the physical complexity of the simultaneoxxs 
system, 

(3) Permanent Recording, 

In the event that the system described in t he preceding 
paragraph is not used, continuous recording can be accomplished by 
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ptinching a moving tape, as in teletype systems, or by burning vjith 
an arc as in facsimile systems. The latter would prooably be faster 
and have longer life in general, 
e. Alarm or Shut-down, 

It is desirable, for economic and quality control reasons, 
that a number of consecutive rejects should cause an alarm signal, 
or possibly even a complete shutdown of the processing equipment. 

The method for providing an alarm signal can be purely 
electronic, such as a ring counter ^d-th the last stage closing the 
signal circuit. Or it can be a relay lock-up comter as shown in 
Figxtre 10, In this circuit, the switching of S]_ from one throw 
to the other causes the progressive lock-up of the relays, Sn must 
be a special relay or a separate relay circuit in which the first 
reject signal operates it to position 1. The next signal then 
causes it to operate to position 2, Successive reject signals con- 
tinue this alternation -until the counter has completed its cycle. 

If a switch such as this is not available, or too complex, the sub- 
stitution of a normal single-pole, single-throw relay can be made 
by doubling the number of relays in the counter. Then two relays 
lock up for each coimt. The counter is reset automatically when the 
povrer supply to the line is interrupted. Therefore, if the cnain 
of rejects is interrupted by passing an acceptable base plate, the 
passing mechanism vouid bi. arranged to operate the reseu circuit 
breaker, a normally closed siritch, 
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cells. Uhile no:, performinr an actual electrical test of the 
elernents on the base plate, it does simulate a close visual ii.- 
Epection by a hui.ian monitor. This accorij..liches all three tests 
at once -na eiininatf;s she probe system and hii;h voltage .diffi- 
culties mentioned, in orief, trr. system woiila call for siinultan- 
cous scanning, by adaptation of any of the various high-speed 
facsimile scanning methods, of the test plate and a good model 
plate. The outputs of the two scanners viould be fed, then, to 
a differential comparator circuit, whose output is dependent on 
the difference between the signals from the tvro scanners* Suffi- 
cient resolution could be obtained in the scanning to detect 
bridging, line clearance, or continuity errors. Error indication 
would then be transmitted as a coordinate position on the base 
plate . 

The principal limitation on such a system would lie in 
the difference in reflection coefficients of the conductor and 
the base plate materials. This difference must be sufficient to 
give a positive indication of passing from one material to the 
other in scanning across the plate. Also the error indication 
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equipment could possibly give rise to vindcsired complcjdty in 
the translating of the time of an error occurrence into a 
corresponding coordinate position on the base plate and thence 
into the particular conductor involved. 

This method is not considered as a great improvement 
over the others, mainly due to the fact that an actual electrical 
test is not performed. Without the error indicating equipment, 
however, it might pi-ove to be less complex, and completely uni- 
versal in its application, and for that reason has been mentioned 
here. For further study of the details of such a tester, the 
reader is referred to any of the writings on facsimile systems. 




2, Tester #2 - R-C Components 

The actual testing of the R-C components does not occur 
directly in the production line, but as part of a feeder line. 

From that aspect, it could be eliminated from consideration here, 
but since it is considered to be a necessary adjunct to the system 
as a whole, the essentials of the system will be treated in brief. 
Semi-automatic component testers are in use today, as noted 
in a previous chapter. Therefore, the fundamentals of the system 
are loiown (Refs, Ub, Uc), Briefly, they consist of an impedance 
bridge with its oscj.llator supply, an amplifier and a phase dis- 
criminator acting as a null detector. The layout of the system 
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is shovni in block diagram form in Figure 11, is proportional 
to the bridge unbalance, and, if properly amplified, can be riade 
to operate the reject circuit, if the unbalance is sufficient to 
indicate that the allovrable tolerance lirrdts on the component are 
not met. The heart of thj.s system as the phase discriminator, 
shovm in Figure 12, which operates as follows: The volt-ages to 
the rectifiers are c + ep_ and e - ej^. The rectified voltages 
across the load resistances are then proportional to the amplitudes 
of the two voltages. The d-c difference is Eg, and can be sho;m 
to be dependent on the amplitudes of the two voltages and the cosine 
of the angle between them, or what is essentially the unbalance 
signal. 

In order to incorporate this into the automatic assembly line, 
one might choose one of tvro approaches. It is contemplated that 
there will be as many as thirteen component attaching machines in 
the production line, each handling a single size and single value 
component, with indexing being performed on the plate rather than 
the attaching heads. The components are contained in a hopper, 
from which they are removed, passed through testing clips and into 
a magazine where they lie until the attaching head picks them up. 

The first of the approaches mentioned above is to associate a single 
bridge tester with each of the attaching machines. It can then 
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be set for the desired tolerance of one particular component and 
needs no further adjustment. All the testers could be fed from the 
same oscillator supply, if desired, Trc second approach is a form 
of commutation, methods of which were discussed earlier in this 
chapter, which would switch appropriate ratio arms and standards 
into a single bridge in sequence with the switching from one machine 
to the next. No timing difficulties should occur, since it is 
planned that there shall be sufficient supply of extra components 
in each of the magazines to take care of the immediate needs of 
the production line. This extra supply is feasible, since the 
feed and testing mechanisms can operate during time when the attach- 
ing head is at rest* 

3. Tester #3 - Circuit Tester 

Tester #3 occurs at a stage in the fabrication where all the 
electronic components, except for vacuum tubes and tube shields, 
have been assembled and attached to the base plate. It is particular- 
ly advantageous to check the circuit at this stage, since the next 
process is the application of protective coatin^;, after vxhich faiiltc 
caxmot be repaired readily. The tester must ascertain that no 
physical damage has occurred to affect the circuit. The term 
physical damage encompasses such things as broken leads due to machiiie 
handling, altered component values due to heat of the soldering pro- 
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cess, poorly soldered joints, and ixnv, anted leakage resistances 
produced by carboni?.ation of solder flux by heat. 

There are two general philosophies of circuit testing vdiich 
night apply to this particular usage. Both of them, since the 
testing is to be accomplished automatically, will be based on the 
comparison between a standard, operative pilot circuit and the 
model fabricated by the automatic production line. The first is 
that of testing various combinations of components impedance -wise 
as they occur in the circuit. This has been done with some success 
in the past, (Refs. 1, he). The second is that of testing the 
performance of the assembly while in actual operation. These shall 
be referred to intiie follo^nng discussion as the circuit-tester type 
and the performance-tester type respectively, 
a, Circuit-Tester Type 

Since svri-tching considerations were discussed earlier, they 
need not be reconsidered for the circuit tester, other than recog- 
nizing that some form of switching is necessary for accomplishing 
the testing of all the various component combinations which occur 
in the circuit. Circuit testing can be accomplished throxigh the 
use of a differential amplifier, the basic circuit of which api:>ears 
in Figure 13, The iripedance elements of the pilot circuit and the 
test model are fed in series from an a-c supply, vdth the differen- 
tial amplifier connected across the elements as shoi-ni, and V2 
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are si^iilar tubes which arc so balanced that ■',;hen vh>_ stancara and 



tt.ol irpedanccs arc nearly equal, ins uiTic lent voltage to operate 
the reject nechanisra vdll appear across the load resistance, since 
thn control grids are fed in opposite phase. If they arc unequal, 
hov/ever, which is the fault to be detected, an unbalance of feed 
to the tubes occurs and there is a net current I’csultlng in the 
load, vdiich can then be aiiiplified to operate the reject mechanism 
and other control circuits. 

The basic circuit produces adequate results for a-c testing. 
However, it requires the omission from the tests the resistors whjch 
are shunted by decoupling condensers, so some means for testing 
these must be provided. Figure lU shows a circuit which can be used 
for both a-c and d-c tests. It centers aroixnd two triode-hexode 
tubes, althouigh later single-tube envelopes can be used for the same 
purpose. In the a-c position, the circuit operates as in Figvire 13. 
In the d-c position of the s'ld.tches, the a-c supply is svri.tched to 
the triode sections, which are connected internally to the mixer 
grids of the hexode sections. R 2 , Zg and form a bridge wjith 

Rj) connected across the opposite corners from the power supply. The 
hexode control grids receive the signal from the ends of Rj) and form 
an out-of -balance detector. When the bridge is balanced, the grids 
wjill be at equal potentials and the alternating voltage in the plate 
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circuit ^'/ill be very small, since the a~c signals to the mixer grids 
are equal and opposite in phase. Ti)/hen the bridge is unbalanced, 
hovrever, the control grids will no longer be at equal potentials, 
which condition will allow the alternating voltage in the plate cir- 
cuit to be sufficient to energize the reject mechanism. 

As an alternative to the a-c impedance comparison, one might 
consider the comparison of decay times of RC combinations betvreen 
the standard circuit and the test circuit. This might be accomplish- 
ed by applying a step voltage to the circuit in place of the a-c 
testing voltage. Then, with an appropriate delay between the voltage 
application and the measurement of the outputs, the amounts by which 
the two circuits have decayed are compared. If they are not vithin 
reasonable tolerance limits, the piece is then rejected. 

This method wo\ild, in general, be inferior to the a-c imped- 
ance comparison method. This follows from consideration of the 
various combinations of components possible. Whereas the methods 
mentioned above are not dependent upon the voltage across a particular 
component, but of the impedance seen looking into the entire combina- 
tion, this method requias that the combinations must be accessible 
at all points of jvinction, in order to obtain a buildup or decay of 
voltage , 

Figure l5 is a block diagram of the a-c, d-c circuit-tester 
type system. The concept of the mechanical configviration is for a 



( 32 ) 



, O I 

c^- 



0-. 






V 






bl * 



, -T 



^ • 



• 



c - - -/r 



I " 

Xt 






I i 



*r .u«C. 



n,- 










•<- i • 

^-1 if. 



•o 



I • • *1 



^ c 



. jn ^ 



r 



M» 



» t 



'•ft? 






head to contain testing probes which would fit into the tube 
sockets, and auxiliary probes to fit into any other external con- 
tact rivets which are accessible. It is not advisable to attempt 
to place probes on any of the individual components, due to the 
manner in which they are attached to the base plate. Pressure on 
those leads could cause physical damage to the assembly. 

It shoxild be stressed that, due to the limited access to 
contacts, each component or conductor can not be checked individ- 
ually, It is entirely possible that particular components could 
be masked from the test, where they might be connected to components 
of a much higher value. The main concern, then, is to insure that 
all components are present and that connections are electrically 
sound, 

b. Performance-tester type. 

The limitations mentioned in the preceding paragraph lead 
to the suggestion of the second type of test. While not reaching 
the inaccessible components, nor even, for that matter, the imped- 
ance combinations tested above, it accomplishes the end result 
with circuitry less complex and v/ith.no need for sviitching from one 
circuit section to another. Since the entire circuit is assembled, 
except for tubes, when it reaches this stage of production, it is 
feasible that a performance test might be performed. Any de’/iation 
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of components from their suppOocd values, or errors derived, from 
processing, xrould result in the failure of the circuit to meet 
the design specifications » In a comparison test against a pilot 
circuit, this vxould result in an output voltage idiich ■vrould op- 
erate the reject mechanism. Figure l6 is a block diagram of 
this system. 

The testing head, in this case, would contain representa- 
tive tubes of the type used in the assembly. When the head is 
lovjered into position, supply voltages, input signals and out- 
put voltages are fed and received through the contacts intended 
\iltimately for that purpose. This sainxilates actual operation 
of the finished assembly. When the head is raised, the heaters 
of the tubes contained in the head would be maintained at oper- 
ating temperature by an auxiliary supply, in order that the tester 
is ready for testing immediately after connections are made by 
lowering the head. 

The comparison circuit used in this case covild be the 
same as for the circuit-tester type, except that a 180° phase- 
shifting network for one of the circuit output voltages is 
necessary to bring about the out-of -phase feeding of the differen- 
tial amplifier. 

If it is desired to add error- indicating features to this 
system, then the system becomes more complex, while not detracting 
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from the principle of the test. This added requirement could be 
met by designing the tester to make consecutive mcasiarements of 
pertinent potentials throughout the system, as it vias operating 
normally. On a differential comparison basis, it would be immate- 
rial whether there wore an input signal applied or not* The 
error indication follows froia the necessary svritching to accomplish 
the various measurements. As long as a particular sub-circuit is 
associated with a certain spot in the overall sequence of sv.itch- 
ing, then a fault-location can be made and a signal generated to 
operate a recording device. 

Essentially, this tester would incorporate measurements 
of the follovdng types: (1) high d-c voltages such as are found 
on plates and screens j (2) low d-c voltages such as are found 
on cathodes and other bias circuits; and ( 3 ) a-c voltages for 
heater power rcqvdrements, With the comparison features, tolerance 
measurements are implied. 

Note should be made here of the possible difficulty in 
achievirig an adequate input signal for other circuits being fabri- 
cated, If the assembly, for instance, were to be an audio ampli- 
fier, the input signal should be an audio svjeep-freqiaency generator, 
viith constant input output impedance over the frequency range. 

It is beyond the scope of this paper, ho:^Iever, to list the various 
possible types of equipment and to devise means for generating 
input signals for each. This is a matter for specific design as 



the occasion arises 
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Uo Tester - Ferformance 

This tester vrould differ from the one described in the pre- 
ceding paragraphs only in that the tubes used arc the ones which 
will remain in the assembly when it leaves the line. For this 
reason, somewhat longer time for the test will be required, in 
order that the heaters might reach operating temperature. In all 
other respects, the same procedures are followed. 

This completes the mecins for achieving the required testing. 
The utilization of one or all the testers depends on the economic 
evaluation of those involved in automatic, mechanized production, 
l^en the decision is made as to which tester or testers are 
necessary to the line, then, based upon the principles set forth 
in this paper, specific applied designs can be accomplished for 
the necessary quality control of the mechanized production line. 
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Figure 1, Block of Assembly Line 
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Figure 3* Mechanical Block 
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Figure 5o Basic Electrical Theory, Tester ffl 
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Figxire 7*. Commutator (Front View) 
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FIGURE 8. DIODE RESISTANCE MATRIX. 
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FIGURE 9o CAM AMPLITUDE AND PHASING. 
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Figure Ho Component Bridge Block 



Figxire 12 « Phase Discriminator 
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Figure 13. Basic Differential Amplifier 
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Figure lit. 
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